The fiberoptic transducer described in this report meets the necessary criteria for accurately recording the absolute movement of the cardiac apex impulse, and provides some advantages over the instruments in current use. It The ideal instrument should record absolute praecordial displacement, impart minimal impedance to movement as it contacts the chest wall, and the transducer should be accurate over the very low vibratory frequency range (0-15 Hz)'. The entire system must also be practical for routine clinical use. The purpose of this report is (i) to describe a new fiberoptic transducer that uses reflected light for recording praecordial motion, (2) tO describe the contour of the impulse recorded with this transducer, (3) to contrast it with the standard apex cardiogram, and (4) to discuss the advantages of this system over other currently available systems.
The fiberoptic transducer described in this report meets the necessary criteria for accurately recording the absolute movement of the cardiac apex impulse, and provides some advantages over the instruments in current use. It records total vertical displacement of the impulse, is sensitive to ultralow frequency vibrations, does not contact the chest wall, and is easily adapted to standard office or laboratory recording equipment, thereby making it practicalfor routine clinical instruction and investigations. It 'It has been a constant endeavor on my part to recognise the different conditions which these instruments have revealed by employing the ordinary bedside methods of examination.' (Mackenzie, I9I6) The cardiac apex impulse provides invaluable information regarding structural and functional abnormalities of the left ventricle. Various instruments have been devised to record the characteristics of the apex impulse, and from these recordings assumptions have been made regarding the clinical implications of the impulse. Unfortunately, the mechanical properties of the instruments in common use are dissimilar, and a representative wave form for the apex impulse has not been established. Two general types of instruments have been used for recording praecordial motion. The commonly used apex cardiograph records the movement of the apex impulse relative to surrounding praecordial movement and produces a wave form that differs from that which the clinician observes and palpates. The second group of instruments, including the kinetocardiograph and the impulse cardiograph, records absolute impulse displacement and more accurately represents clinical observations. Each of these instruments, however, has practical and theoretical disadvantages that have limited their widespread use.
The ideal instrument should record absolute praecordial displacement, impart minimal impedance to movement as it contacts the chest wall, and the transducer should be accurate over the very low vibratory frequency range (0-15 Hz)'. The entire system must also be practical for routine clinical use. The purpose of this report is (i) to describe a new fiberoptic transducer that uses reflected light for recording praecordial motion, (2) tO describe the contour of the impulse recorded with this transducer, (3) to contrast it with the standard apex cardiogram, and (4) to discuss the advantages of this system over other currently available systems.
Description of equipment
A fiberoptic transducer (KD-38), manufactured by Mechanical Technology Incorporated, Instrument Division, Latham, New York, was evaluated. The probe is o-io09 in diameter and contains 6oo randomly arranged strands of glass fiberoptics (Fig. I) . Three hundred strands transmit light which is emitted in a narrow conical distribution. The light is reflected from an area of approximately o-i cm2 on the test surface, and a portion of the reflected light is received by the remaining 1 (i Hz = I cycle per second). (Fig. 3b) (Fig. 3c) , and when the frequency and amplitude of the shaker were held constant and the gap varied from 2 to 5 mm (Fig. 3d ). There was a rapid decline in output below 2 mm and above 5 mm. There was no significant distortion of the signal until the angle ;of the probe was more than io degrees from a line perpendicular to the reflecting surface.~~~~~~~~~~~.
Clinical methods
After calibration, the instrument was used to record praecordial movement in 25 normal people placed over the area of the apex impulse where maximal praecordial activity was observed. The probe was fixed above the praecordium using a 300 strands. The amount of light received is inversely proportional to the distance between the probe and reflecting surface (gap). The received light is converted into an analogue output signal FIG. 2 Fiberoptic recording system using and either read directly from the integral meter on electrocardiograph and a stand with a the unit or displayed on a stylus writer or oscillo-flexible multijointed arm for positioning probe scope. A Hewlett-Packard 1os6A Heart Sound above apex impulse. Amplifier and 5ooA Viso-Cardiette Electrocardiogram were used to record the signals from the fiberoptic transducer. The signal from the j transducer was put through the electrocardiogram channel of the heart sound amplifier and recorded >1 on the 5ooA Viso-Cardiette electrocardiogram recorder. A switch allows selective recording of either the signal from the fiberoptic transducer or the phonocardiogram, or superimposition of the phonocardiogram on the signal from the fiberoptic transducer for simultaneous recording. This is, in 1 essence, a dual channel tracing, using medical office equipment (Fig. 2) . The tracing may also be recorded on a multichannel recording unit since the output of the transducer is suitable for standard electrocardiogram amplifiers.
Specifications of fiberoptic transducer Fig.  3a shows the output/gap (distance from probe to test surface) curve relating the output of the transducer to light of constant intensity reflected from a source at variable distances. The response is linear to within 2 per cent on the 'down slope' of the curve when the gap is between group.bmj.com on January 7, 2018 -Published by http://heart.bmj.com/ Downloaded from Assessment of cardiac apex impulse using fiberoptics 465 flexible, multijointed metal arm which permitted easy positioning of the probe tip (Fig. 2) . Recordings were taken in the supine position during suspended expiration. The gap between probe and reflector tape was approximately 3 mm, and the baseline output was adjusted to 50 per cent of maximum, to obtain a linear output.
Twenty-five normal subjects and 50 patients were studied. The normal subjects were selected from among patients, medical students, and hospital employees with a negative cardiac history, normal chest x-ray, and electrocardiogram, and normal cardiac examination. The 50 patients were selected from patients undergoing cardiac catheterization, including quantitative left ventricular angiography. Left ventricular mass was determined by the method of Racley (Rackley et al., I964) . Using this method, the upper limit of normal for left ventricular mass is 124 g/m2 of body surface area (Kennedy et al., I966) .
Results
A recording of ultralow frequency praecordial movement was easily obtained. An identical pattern was obtained on IO to I5 successive beats, and a similar pattern could be obtained from a specific patient on repeated tracings. Praecordial movement and phonocardiograms were recorded without difficulty either separately or simultaneously in normal subjects and patients with heart disease. Fig. 4 shows the simultaneous recording of the phonocardiogram and fiberoptic impulse cardiogram in a normal subject and in a patient with aortic stenosis and left ventricular hypertrophy. The normal impulse tracing on the left is recorded above the baseline in early systole but returns to and falls below the baseline in the last one-third of systole. This type of recording was obtained in all 25 normal control subjects. The abnormal tracing on the right also is recorded above the baseline in early systole, but rather than returning to the baseline in late systole, remains positive throughout systole. This type of prolonged impulse tracing was obtained in 28 of 32 patients with increased left ventricular mass as determined angiographically (P <oooi). In the majority of these cases the positive impulse extended into early diastole, producing a recorded impulse that exceeded the duration of mechanical systole. The recorded impulse returned to the baseline in the last one-third of systole in only 4 of the 32 patients, with angiographically documented left ventricular hypertrophy. In contrast, I8 catheterized patients had normal left ventricular mass (less than I24 g/m2 body surface area). Fourteen of these patients had a recorded impulse that returned to the base- line by the last one-third of systole, while only 4 had a recorded impulse equal to or exceeding the duration of systole (P < O0OI).
Discussion
Transducers currently used to record praecordial motion fall essentially into two groups. One type, represented by the standard apex cardiograph (Benchimol and Dimond, 1963; Tavel, 1967 ; Tafur, Cohen, and Levine, Ig64a), consists of a circular funnel connected by a short rubber tube to an active sensing element. The latter is either a piezoelectric crystal or a strain gauge. Vibrations from the skin surface under the funnel are transmitted through the air in the funnel and rubber tube to the sensing element where a signal is produced. The output from the sensing element is transmitted to an amplifier and the appropriate recording instrument. The essential feature of the second type of transducer is its point of fixation above the chest surface. Both the kinetocardiograph (Eddleman et al., I953) 
